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Blood coagulation and fibrinolysis of the newborn viewed äs perinatal 6 (1978) 46 factors II. Fibrinolytic studies in the respiratory distress syndrome of the newborn infant*
S. Suzuki l Introduction
The Respiratory Distress Syndrome (RDS) has the highest percentage of mortality in the neonatal period of both premature and term infants. On a pathophysiological basis, the disseminated intravascular coagulation syndrome has been recently reported to be a major cause of pulmonary hyaline membrane disease [l, 2, 4] . These findings emphasize the concept of pulmonary hyaline membrane -DIC -predisposition of hemorrhage. Disseminated intravascular coagulation (DIC) is a pathological condition indicated and characterized by the occurence of intravascular consumption of plasma blood coagulation factors. This applies in particular to fibrinogen, factors II, V and VIII and the number of platelets. This consumption leads to the disseminated deposition of fibrin thrombin in the vascular System and subsequently to severe hemorrhagic diathesis. The products of DIC have not been fully clarified äs yet. There are, however, several conceivable causes for this condition, such äs thromboplastin, proteoly tic enzyme platelet aggregation, endotoxin etc. Although several possibilities are available to describe the possible relationship between the hyaline membranesandthe occurrence of fibrinogen degradation products (FDP), few examinations äs yet have been made during the time after birth.
Two typical cases of respiratory distress syndrome with and without bleeding are described in the following:
1.1 Case Report 1.1.1 Case 15, Group (A). 92400gr. Breechpresentation. Premature delivery in the 36 th week (Tab. L). Apgar score 6. At that time the actual pH value was 7.25. A catheter was inserted into the umbilical cord vein and bicarbonate therapy was institued. Two hours after birth, the respiration rate increased to 70-80 per minute. X-ray showed a typical reticular granulär pattern. 36 hours after bkth the infant died. During the course of events, abovementioned examinations were performed. The change of TEG are shown in Fig. 1 . Pulmonary hyaline membranes were discovered at autopsy (Fig. 2) infan t did well initially, but af ter l hour the baby developed a slightperipheral cyanosis; 6 hours later bleeding accoured from the mouth. Immediately, 20 ml of fresh blood was given via the umbilical catheter. Apt test were positive leading to the diagnosis of "lung hemorrhage". Although an intensive therapy with "hepacarin" (heparin) was initiated the infant could not be saved (TEG: Fig. 3 ). Autopsy immediately after death, diffuse bleeding in the lung was observed, although hyaline membrane, intracranial bleeding were missing (Fig. 4 ). For this paper, normal infants were compared with infants suffering from RDS with and without bleeding.
Material and methods

Clinical material
Seventy-eight premature and term neonates (1500 g-2900 g) were studied. The therapy consisted of intramuscular injection Vitamin K 2 (l mg), sodium bicarbonate and heparin 100-150 units/kg. The infants who were suffering from RDS received additionally amino-benzylpenicillin 6.25 mg/day. 24 to 36 hours after deliveiy gjucose feedings were offered, whereas no milk was fed during the intravenous infusion.
Methodof research
Blood samples were taken äs follows. In RDS cases, the umbilical cord was clamped with 20 cm spacing after birth and a catheter was used. In normal cases, samples were taken from the femoral arteries. All blood for the coagulation examinations was obtained with a 2 ml syringe using a l part volume of sodium citrate, and a 9 part volume of collected blood. The experiments on all the babies were divided äs follows: The citrate blood taken s mentioned above was centrifuged at 1000 rpm for 5 minutes. The blood samples were placed for measurement in a beaker which had been previously warmed to 37 °C. Platelet aggregation after ADP addition was observed with an automatic recorder (RiKEN, tokyo, Japan) connected with an aggregationmeter from EVANS (Great Britain). ADP solution l Ο" 6 Μ was then added to the beaker and the percent permeability at the time of maximum coagul bility s observed within 3 minutes was recorded.
Platelet count and Platelet aggregation
\ · 1 ' a) Platelet count b) Platelet aggregation
Results
l Blood coagulabflity
Thrombelastogram
As shown in the various cases, the newbqrn infants who were suffering from RDS with bleeding exhibited a pattern different from RDS without bleeding. Noteworthy is the occurrence of hypercoagulability after l hour in the cases of RDS without bleeding which lasted longer than usual, and which showed rapid change into a pattern of intravascular coagulation (DIC). The TEG of RDS without bleeding showed wide ma distances immediately after birth (cord blood 60.34 ± 1.58), whüe a value of 51.30 ± 1.49 was obtained in the normal group (Tab. II). The difference was significant at p < 0.01. After 36 hours,however, the relation of this phenomenon was completely reversed; in other words, infants who had suffered from RDS without bleeding had narrower ma than SPD without complication.
Pro thrombin time, partial thromboplastin time
All of the infants had a significanüy longer prothrombin time and partial thromboplastin time.
The values are remarkably low prior to the 2nd day after birth, but after 3 days a rising tendency was observed (Tab. III). These three examinations in RDS äs compared to cases without bleeding the cases with bleeding indicated a greater Prolongation of prothrombin time and partial thromboplastin time (Tab. IV).
Fibrinolytic activity
Fibrinogen and FDP
With the exception of one case, the continuous fibrinogen decrease was not äs pronounced äs up to 36 hours after birth, but, in the RDS cases with bleeding, it showed excessive lower levels (Tab. V).
The incidence of degradation products in blood from the umbilical cord was 21.8% (17 cases out of 78 cases). This indicates that fibrinolysis or fibrinogenolysis occurs prior to or at about the time of delivery. The group of lethal RDS with bleeding showed a higher concentration of FDP l hour after the deliveiy which amounts to äs much äs 80 to 160 Mg/ml. This tendency did not disappear even after 36 hours. In one case of RDS with bleeding, however, the FDP gradually vanished prior to death with a excessively low fibrinogen level (50 mg/dl) (Fig. 6 ).
Euglobulin lysis time
Euglobulin lysis time in cases of RDS was shorter than that in SPD without complication. (Fig. 7) 3. 
Tab. III. Screening test (Prothrombintime, Partialthromboplastintime). (mean ± S.D).
Prothrombin time (%)
Cordblood
Ihr. 24hrs.
Partial thromboplastin time (See)
A) RDS without bleeding B) RDS with bleeding C) SPD without complication 54. The platelet aggregation Index of umbilical cord blood is 15-25%, which is significantiy lower than thatof normal adults (35-50%). As mentioned above, the platelet count of umbilical cord blood is 18.6 X 10 4 /mm 3 (average). While these values are not so much lower than those of the normal adults, a tendency to an extremely low platelet aggregation index was found.
Discussion
The following factors are usually involved in the mechanism of hemostasis: a) Resistance of the vascular wall and contractibility b) Property of the platelet (qualitative and quantitative) c) Property of the coagulation factor d) Stability of blood clotting, especially fibrinolysis.
Hemostasis takes place äs a result of combined action of these factors. Of these, the platelet, coagulation factor and fibrinolysis appear to play Tab. VI. The change of Plasmin-Inhibitor during early newborn period (mean ± S.D).
ot2'fnacroglobulin
Cordblood Ihr. 24hrs.
36hrs.
A) RDS without bleeding B) RDS with bleeding C) SPD without complication
QLi-antitrypsin
A) RDS without bleeding B) RDS with bleeding C) SPD without complication that the presence of plasmin-inhibitor.is the cause of puhnonary hyaline membrane disease rather than the lack of activator. In 1968, BLEYL and STARK [4] reportedintravascular coagulation (DIC) to be an important cause of pulmonary hyaline membrane cases. These authors suspected a process of polymerization of the fibrin monomers seeped into the alveoli, thus leading to the occurrence of hyaline walls. Fibrin or fibrinogen degradation products (FDP) are a heterogenous group of polypeptides with various molecular weights and different biological activities, which may appear in the blood when plasmin acts on fibrin or fibrinogen.
Due to their interference with hemostasis, FDP are extremely important, slowing down the formation of fibrin monomers from fibrinogen either by interference with fibrin polymerization or by their effect on platelet function.
It may be surmised from the present experiments that the consumption of platelet and coagulation factors following disseminated intravascular coagulation results in a fall of the platelet count and fibrinogen. During the newborn period, both the plasmininhibitors, αι-antitrypsin and antithrombin III show a remarkable tendency to be low, and it is therefore conceivable that such a decrease may constitute an exceptionally large handicap to the newborn when activation of the plasminogen activator takes place (Group B). This is especially true in cases of lung hemorrhage, where the activator is increased during the development of this severe pathological state and is additionally complicated by the decreased level of plasmin inhibitors. Clinically, the FDP of infants suffering from RDS with bleeding was s high s 80-160 Mg/ml, and this is higher than that of RDS without bleeding (Fig. 7) .
This indicates that DIC plays a major role in the hemorrhage of newbom ip^fants with RDS. When compared to the SPD without complication. FDP seemed therefore more frequent and in larger quantities in the RDS babies, and the critical FDP level may be 80-160 μg/ml. In one exceptional case of RDS with bleeding the FDP gradually vanished befor death with a lower fibrinogen level (50 mg/ml). In this latter case, it is difficult t o find a satisfactory explanation. It was to be considered that FDP is derived from fibrinogen indicating the shortage of matrix material which would supply FDP. In our clinic it was indeed frequently observed that newborn infants suffering from severe RDS showed lower values of fibrinogen in spite of intensive treatment with fresh blood. These babies seemed to have no ability to react to the fibrinogen in fresh blood. This fact alone cannot give the f ll explanation, and further evaluation is necessary in this respect. The platelet aggregation of newborn infants especially those with RDS with bleeding, is very much lower than that of normal adults, while FDP showed great increase. The result can be explained by the possible inhibiting effect of FDP, but it is also difficult to say whether or not FDP has a direct influence on platelet aggregation.
Summary
Blood coagulation and fibrinolysis was examined in 78 newborns. These comprised (A) 22 infants with hyaline membrane disease without hemorrhage, (B) 26 infants with hyaline membrane disease and clinically apparent hemorrhage, and (C) 30 small for dates infants. The following tests were carried out: 1. General coagulation studies including thrombelastogram (TTEG), prothrombin and partial thromboplastin times. 2. Pibrinolytic activity including fibrinogen, euglobulin lysis time, fibrin split products (FDP) and plasmin inhibitors (o^-macroglobin, α pantitrypsin, antithrombin III). 3. Platelet count and platelet aggregation index after additionof ADP. Sampies were obtained at birth, l hour, 24 hours, and 36 hours of age. The results allowed the following conclusions:
1. Groups A and B were distinctly different from Group C, especially in maximal amplitude (ma) in the TEG. 2. Newborns who died of hyaline membrane disease had markedly elevated FDP values. The critical level appears to be between 80 and 160 Mg/ml. The plasmin inhibitors αι-antitrypsin and antithrombin III were low. 3. The index of platelet aggregation (with ADP) in newborns is lower (15-25%) than in adults (35-50%). Newborns with hyaline membrane disease had a decreased platelet count and platelet aggregation index while the amount of fibrin split products was increased.
Thus, it may be stated that the coagulation defect in infants with hyaline membrane disease is not only dependent on Vitamin K deficiency but also expresses an on-going consumption coagulopathy.
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